Objectives-To evaluate qualitative and semiquantitative elastography for the diagnosis of intermediate suspicious thyroid nodules based on the 2015 American Thyroid Association (ATA) guidelines.
T hyroid nodules are common findings, detected in up to 50% to 60% of the healthy population. Most nodules do not cause clinically important symptoms, such as compressive symptoms, cosmetic concerns, and abnormalities in thyroid function. Therefore, the main clinical challenge for the management of these nodules is to rule out malignancy. 1 Grayscale ultrasonography (US) has become widely accepted as the standard method for identifying thyroid nodules, but it is not very accurate in differentiating malignant from benign nodules. [2] [3] [4] [5] [6] [7] Elastography can reflect tissue stiffness, so it can be a useful tool for differentiating malignant thyroid nodules from benign nodules because malignant thyroid nodules are associated with greater stiffness than benign nodules or normal tissue. 8, 9 Strain elastography, one of the many elastographic technologies, is based on the principle that the softer parts of tissues deform easier than the harder parts under compression. Tissue deformation under external pressure is measured, and this information is displayed as a color-coded image superimposed on a B-mode US image. 10 This technique provides two different values for nodule elasticity: the elasticity score with a stepwise color-coding system incorporating either the criteria of Rago et al 11 or Asteria et al 8 for qualitative assessment and the strain ratio, which is automatically calculated by the US machine for semiquantitative assessment of thyroid nodules. 12 Based on the 2015 American Thyroid Association (ATA) guidelines, thyroid nodules are categorized into 5 US patterns according to their grayscale features: high suspicion, intermediate suspicion, low suspicion, very low suspicion, and benign. 13 Each pattern has a different risk of malignancy, and fine-needle aspiration (FNA) is recommended depending on size criteria specific for each pattern. Nodules with intermediate suspicion of malignancy based on the 2015 ATA guidelines have a 10% to 20% estimated risk of malignancy, and FNA is indicated for nodules of 10 mm in diameter or larger. 13 Two recent studies evaluated the role of strain elastography for the differential diagnosis of circumscribed solid thyroid nodules without suspicious US features and showed opposite results for indeterminate nodules on US.
14,15 Therefore, we evaluated qualitative and semiquantitative elastography for the diagnosis of thyroid nodules with an intermediate suspicion of malignancy based on the 2015 ATA guidelines.
Materials and Methods
This retrospective study was approved by our Institutional Review Board. The requirement to obtain informed consent was waived. However, written informed consent was obtained from all patients for US-guided FNA before each procedure as part of routine clinical practice.
Study Population
From June to November 2009, 746 solid thyroid nodules were imaged on grayscale US, strain elastography, and US-guided FNA. Of these 746 nodules, 43 that were suspicious for papillary thyroid carcinoma (n 5 3) or had indeterminate (n 5 4) or inadequate (n 5 36) results on a cytologic analysis were excluded because they were not confirmed by surgery or repeated USguided FNA. Among the 703 nodules, those with the following criteria were included: circumscribed hypoechoic solid nodules larger than 10 mm without suspicious grayscale US features, such as microcalcifications, extrathyroidal extension, and a nonparallel shape that also met the criteria of the 2015 ATA guidelines for intermediate suspicious nodules, which were defined as nodules with benign or malignant cytologic results at US-guided FNA, repeated US-guided FNA, or surgery. Finally, a total of 80 nodules in 80 patients were included in this study ( Figure 1 ). All nodules included in the study were previously presented in a published article by Moon et al, 16 which focused on the diagnostic performance of grayscale US and strain elastography for differentiating benign and malignant thyroid nodules.
Real-time Grayscale US and Strain Elastography
All grayscale US examinations were performed with an EUB-7500 system (Hitachi Medical, Tokyo, Japan) equipped with a 6-14-MHz linear array transducer. All scans were performed by 1 of 8 board-certified radiologists with 1 to 15 years of experience in thyroid imaging. Ultrasonographic features of each nodule that underwent US-guided FNA were prospectively recorded in our institutional database by the radiologist who performed the FNA according to the following categories: margin, calcifications, shape, internal component, echogenicity, and final assessment. Marked hypoechogenicity, a poorly defined margin, microcalcifications, and a nonparallel shape were considered suspicious US features on the basis of published criteria. 17 The prospectively recorded US features were classified retrospectively for this study according to the 2015 ATA management guidelines by a single radiologist (J.Y.K., with 16 years of experience in thyroid imaging).
Elastography was routinely performed after grayscale US by the same radiologist who performed the grayscale US. Elastography was performed by the freehand technique, and all images were obtained in longitudinal planes. The transducer was positioned perpendicular to the skin with light pressure during elastography. A square region of interest (ROI) was positioned within the thyroid nodule at the center of the box. The skin above the targeted thyroid nodule was compressed repeatedly, and then images were obtained. In the splitscreen mode, grayscale images were displayed on the right side of the screen, and translucent color-scale elastographic images superimposed on the corresponding grayscale images were displayed on the left. Each elastographic image was composed of 256 specific colors (red, green, and blue). Red indicated the softest tissue with great strain; green indicated tissues with average strain; and blue indicated the hardest tissue with no strain. 16 A round to oval ROI was drawn once at the center of the thyroid nodule (area A), and another was drawn once on the surrounding thyroid parenchyma showing homogeneous green elasticity (area B; Figure 2 ). The strain ratio was automatically calculated as area B/area A by the US machine, 18 and this value was recorded prospectively along with the elasticity scores for data analysis.
Ultrasound-Guided FNA Ultrasound-guided FNA was performed on thyroid nodules with suspicious grayscale US features or the largest nodule with probably benign features if no other suspicious thyroid nodules were detected on US. Ultrasoundguided FNA was performed by the same radiologist who performed grayscale US and elastography. Fine-needle aspiration was performed by the freehand technique with a 23-gauge needle and a 2-mL disposable plastic syringe. Samples were smeared onto two different glass slides after aspiration, and the remaining aspirated material was rinsed with saline for cell blocking. The cytologic results from US-guided FNA were classified into 5 categories during the study period: inadequate, benign, indeterminate, suspicious for papillary carcinoma, and malignant. 19, 20 
Data and Statistical Analysis
Elastographic images were classified according to the scores of Rago et al 11 and Asteria et al. 8 Nodules with Rago scores of 4 (no elasticity in the nodule) and 5 (no elasticity in the nodule or in the area showing posterior shadowing) and those with Asteria scores of 3 (stiffness in a large part of the examined area) and 4 (a nodule without elasticity) were classified as suspicious for malignancy. For statistical analysis, Rago scores 4 and 5 and Asteria scores 3 and 4 defined the "positive" group, and the other scores defined the "negative" group. The strain ratio of the thyroid nodule and that of the adjacent thyroid tissue were measured to calculate the strain ratio after obtaining the elasticity images. The independent 2-sample t test was used to compare the mean nodule size, age, and strain ratio between cytopathologically benign and malignant nodules. The v 2 or Fisher exact test was used to compare categorical variables such as sex, the Figure 3 . Images of a 2.7-cm nodule on the left thyroid lobe in a 29-year-old woman. A, Grayscale US shows a 2.7-cm hypoechoic nodule (arrows) with a well-circumscribed margin. B, An elasticity score of 2, with both Rago and Asteria criteria, was assigned at elastography. C, The strain ratio was 0.94. This nodule (circle A) was diagnosed as a follicular variant papillary carcinoma after surgery. Circles indicate ROIs for the thyroid nodule (A) and thyroid tissue (B) to automatically calculate the strain ratio. Rago score, and the Asteria score. Univariate and multivariate logistic regression analyses were performed to determine significant predictors of thyroid malignancy. Odds ratios with 95% confidence intervals for predicting thyroid malignancy were calculated for each variable. P < .05 was considered statistically significant. All statistical analyses were performed with SPSS version 23.0 statistical software for Windows (IBM Corporation, Armonk, NY).
Results

Demographic Characteristics
The mean age 6 SD of the 80 patients included in the study was 46.0 6 12.4 years (range, 20-69 years). Of the 80 nodules included in this study, 74 (92.5 %) were benign, and 6 (7.5 %) were malignant. For a thyroid nodule to be included in this study, it had to have benign or malignant results on the cytologic analysis (n 5 59), thyroid surgery (n 5 6), or follow-up US-guided FNA (n 5 15). Sex, mean patient age, and nodule size did not show significant differences between benign and malignant nodules (Table 1 ). Among the 6 nodules that underwent surgical resection, 4 were diagnosed as conventional papillary thyroid cancer, 1 as the follicular variant of papillary thyroid cancer (Figure 3) , and 1 as a H€ urthle cell adenoma.
Strain Elastography
Rago scores of 3 or less were found for 72 (97.3%) of 74 benign nodules and 6 (100%) of 6 malignant nodules (P 5 .971). Asteria scores 1 or 2 were found for 51 (68.9%) of 74 benign nodules and 4 (66.7%) of 6 malignant nodules (P 5 .964) ( Table 1) . Of the 80 nodules in this study, 6 (7.5%) showed macro or rim calcifications, and all of them were diagnosed as benign lesions at the cytologic evaluation. One of 6 nodules with macrocalcifications showed an elasticity score of 4, with both Rago and Asteria criteria at color mapping imaging, and the strain ratio was 5.63 ( Figure 4) . However, 5 of 6 nodules were not categorized in the positive group with both Rago and Asteria criteria. Rago and Asteria scores did not significantly differ between the benign and malignant nodules (P 5 .683 and .909, respectively). Table 2 shows the results of the univariate and multivariate logistic regression analyses. No variables were significantly associated with thyroid malignancy on the univariate logistic regression analysis (all P > .05). On the multivariate analysis, there were no independent predictors of malignancy (all P > .05).
Discussion
We found that qualitative and semiquantitative elastography using the elasticity score and strain ratio, respectively, did not aid in differentiating thyroid malignancy 8, 11, 16, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] There are currently two different techniques available for US elastography: strain elastography, which uses extrinsic compression; and shear wave elastography, which uses intrinsic shear waves generated by a machine. 29 Strain elastography for the thyroid, classified by Rago et al 11 and Asteria et al, 8 is a qualitative elastographic assessment that has limitations in its application because image production and analysis depend considerably on the performer. To overcome these limitations, the strain ratio was introduced to obtain an objective and semiquantitative evaluation of nodule stiffness. 30 The strain ratio is a semiquantitative analytic value that compares the stiffness of two different regions within the same image: one ROI is drawn over the target region and another over an adjacent reference region such as the normal thyroid. Then the strain ratio is automatically calculated by the US machine. 5 In past studies, the strain ratio showed a significant correlation with thyroid malignancy regardless of nodule size or thyroiditis and performed slightly better than qualitative elastography and other US features. 26, 31 Hypoechoic solid nodules with smooth margins, without microcalcifications, extrathyroidal extension, and a nonparallel shape, were categorized as nodules with an intermediate suspicion of malignancy based on the 2015 ATA guidelines. 13 Fine-needle aspiration is recommended for nodules of 10 mm in diameter or larger because these nodules show a 10% to 20% estimated risk of malignancy. 13 Although FNA efficiently evaluates thyroid nodules with high diagnostic sensitivity and specificity, 32, 33 it is an invasive procedure that is subject to sampling and analysis uncertainties. 2, 34 Therefore, if an additional noninvasive tool can distinguish approximately 80% of benign nodules among those with the intermediate suspicion pattern in the 2015 ATA guidelines, we can prevent unnecessary invasive diagnostic procedures. We expect elastography to be a meaningful method for determining benignity, and by selecting nodules that do not need further diagnostic evaluation, we hope to reduce the number of unnecessary FNAs being performed.
A combined assessment with grayscale US and quantitative elastography using carotid artery pulsation to evaluate 102 thyroid nodules with indeterminate US features showed that the elasticity contrast index, which quantifies the local strain contrast within a nodule, was significantly higher in malignant nodules than in benign nodules.
14 In contrast, there were no significant differences in either color mapping or the strain ratio between the malignant and benign groups of 197 circumscribed solid thyroid nodules without suspicious features on US. 15 On the basis of these conflicting elastographic results, we investigated the usefulness of elastography for thyroid nodules showing the intermediate suspicion pattern in the 2015 ATA guidelines. We hypothesized that qualitative and semiquantitative elastography could be a promising tool in the diagnosis of intermediate suspicious thyroid nodules, but our results showed that there were no significant differences in the elasticity score or the strain ratio between benign and malignant nodules. Our results suggest that the elasticity score or the strain ratio does not provide additional meaningful information.
Our study had several limitations. First, this study included a small population. Second, cytologic results were used for the final diagnosis of most thyroid nodules (74 of 80 nodules), and false-negative cytologic results could not be excluded. 33, 35 Third, this study was designed retrospectively; thus, there was an inevitable selection bias due to the exclusion of nodules without US-guided FNA evaluations. Fourth, 8 radiologists with different experience levels performed US, FNA, and elastography, and we did not evaluate intraobserver and interobserver variability for diagnostic performance.
In conclusion, this study shows that elastographic analysis using the elasticity score and the strain ratio has limited ability to characterize intermediate suspicious nodules according to the 2015 ATA guidelines as benign or malignant.
